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a b s t r a c t
The catalysts for gender discrepancies across developmental outcomes are widely debated. This study examines
cognitive self-regulation (CSR) as a mechanism for understanding gender differences in scholastic performance—
both subjective school functioning and objective standardized achievement. Utilizing a national sample from the
NICHD SECCYD (n = 1364), not only does CSR (i.e., attention and executive function) in 3rd grade mediate the
relation between early mother–child interactions (at 54 months) and scholastic outcomes (in 5th grade), but it
also predicts gender discrepancies favoring girls in grades, work persistence and socio-emotional development.
Additional exploratory evidence suggests quality mother–child interactions may be more meaningful for girls'
CSR; however, for boys, CSR is more predictive of school functioning. Both school functioning and standardized
achievement were utilized in this study and highlight that gender differences in development and learning are
nuanced and not readily discernible across all measures of scholastic performance. Implications for future
research, intervention, and practice are discussed.
© 2014 Elsevier Inc. All rights reserved.

Since the 1970s, U.S. national trends indicate that both girls and boys,
ages thirteen and younger, are doing better than ever academically
(NCES, 2013; Rampey, Dion, & Donahue, 2009). However, there is also
evidence to suggest that girls in particular are excelling in grades, educational attainment, and socio-emotional development (Clark, Lee,
Goodman, & Yacco, 2008; Duckworth & Seligman, 2006; Mead, 2006),
while standardized measures of academic achievement reﬂect equivocal
gender differences if any at all (Nowell & Hedges, 1998; Rampey et al.,
2009). The catalysts for explaining these trends across gender are still
debated. Cultural expectations, curricular development, changes in
family-lifestyles, and technological advancements all likely play a role;
however, human development research and early childhood care have
turned a critical focus toward the importance of self-regulatory skills.
Self-regulation and related aptitudes have become regarded as bedrock
skills which early childhood programs strive to build and early elementary teachers use to evaluate school readiness (Blair, 2002).
Thus, the schooling and socialization of young children has begun to
reﬂect our deepening knowledge of the relevance of self-regulation
toward positive scholastic outcomes. These socialization experiences
may have gendered implications in development. The ﬁrst goal of the
present paper is to corroborate previous work on the role cognitive
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self-regulation (CSR) plays in child development, by examining it as a
mediator in the link between early mother–child interactions and
later school and academic outcomes. Second, this study assesses whether
differences in how mothers interact with their sons versus their
daughters during early childhood are related to gender differences in
CSR during elementary school. Third, this study examines whether
gender differences in CSR relate to gender differences across scholastic
outcomes in late childhood (i.e., 5th grade). These questions are assessed
across subjective school functioning outcomes as well as standardized
measures of academic achievement, both in the 5th grade. We conceptualize school functioning as the academic (i.e., grades), social (i.e., social
skillfulness) and behavioral factors (i.e., work persistence) that contribute
to children's school success broadly (Coie & Dodge, 1988; Pierce, Hamm &
Vandell, 1999). Alternatively, we deﬁne academic achievement as
standardized objective measures of children's academic knowledge and
performance capabilities in math and reading. An overarching goal of
this study is to move beyond simply substantiating gender differences
(i.e., mean-level differences) and toward a more comprehensive understanding of gendered processes in development.
Cognitive self-regulation and gender as predictors of academic and
social outcomes
The predictive qualities of self-regulation for school and academic
success are becoming increasingly clear (Blair & Diamond, 2008;
Claessens, Duncan, & Engel, 2009; Duncan et al., 2007; Li-Grining,
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Votruba-Drzal, Maldonado-Carreño, & Haas, 2010; Normandeau &
Guay, 1998). The heightened focus on self-regulation writ-large has become more nuanced within the study of child development, particularly
as researchers examine the cognitive aspects of self-regulation. We discuss CSR as, “the regulation of attention and selective strategy use in the
execution of cognitive tasks” (Blair, 2002, p. 112). This conceptualization subsumes both attention management and executive functioning
in context (Blair, 2002; Morrison, Ponitz, & McClelland, 2009). Thus,
CSR reﬂects a child's ability to control, switch and direct attention (i.e.,
attention management) as well as govern cognitive processes in order
to marshal or “execute” cognitive resources toward a goal (i.e., executive functioning). Duncan et al. (2007) found that after previous academic knowledge, CSR—speciﬁcally attention management—was the
best predictor for math and reading achievement. Further, young
children's ability to plan, regulate problem-solving strategies, and manage their attention was associated with academic achievement, even
after controlling for prior skills and intelligence (Normandeau & Guay,
1998).
Research demonstrates consistent gender differences in CSR favoring girls across a wide battery of assessments (Else-Quest, Hyde,
Goldsmith, & Van Hulle, 2006; Li-Grining et al., 2010; Matthews, Ponitz,
& Morrison, 2009; Stipek, Newton, & Chudgar, 2010; Vallotton & Ayoub,
2011). For example, one meta-analysis substantiates that girls surpass
boys on various dimensions of attention management during ages
three through thirteen (Else-Quest et al., 2006). In kindergarten, teacher
ratings as well as a direct child assessment (i.e., The Head-Toes-KneesShoulders task; Ponitz et al., 2008) corroborate girls' advantage in
working-memory, attention, and inhibitory control (Matthews et al.,
2009). Further, young boys lag behind girls on learning behaviors
which include attention and language skills, among other behavioral
components (Stipek et al., 2010; Vallotton & Ayoub, 2011). In line
with the Matthew Effect, entering school with advanced CSR may give
girls an advantage that extends beyond the mastery of classroom
content and also has implications for the development of positive relationships with teachers, as well as increased instructional and emotional support from peers and teachers (Stipek et al., 2010). Thus, we can
reasonably hypothesize that strong CSR may elicit contextual factors
that make school a more comfortable and enriching experience for
girls such that on average girls outperform boys in school functioning.
Although self-regulation is a consistent predictor of scholastic
outcomes (Blair & Diamond, 2008; Claessens et al., 2009; Li-Grining
et al., 2010), it remains unclear whether gender differences in selfregulation predict discrepancies in school functioning and standardized
achievement between girls and boys. Research demonstrates that girls
surpass boys on cognitive and behavioral self-regulation but not across
standardized measures of academic achievement (Matthews et al.,
2009). Speciﬁcally, self-regulation at the beginning of kindergarten predicted year-end as well as 1st grade academic achievement but did not
predict gender differences in academic achievement at these time
points. Matthews et al. (2009) speculated that gender differences in academic achievement may not appear until the later elementary grades
(i.e., 3rd–5th grade) when academic rigor intensiﬁes and may become
more dependent upon self-regulatory skills, such as planning, problem
solving and attention management. However, a second explanation
for this unexpected ﬁnding may be the reliance on standardized measures of academic achievement versus more ecologically-valid assessments of school functioning (e.g., grades, teacher reports, school work
habits), which likely better reﬂect the day-to-day demands of selfregulated learning (Duckworth & Seligman, 2006). The current study
extends previous work by investigating how CSR may elucidate the
role of gender in school functioning as well as academic achievement.
As a caveat, beyond CSR, behavioral regulation is also important for
developmental and scholastic outcomes, as a part of early school success
is associated with sitting still, being quiet, and following directions.
Since behavioral regulation includes children's ability to remember
directives, as well as monitor, inhibit, and direct their behavior and
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attention (Gathercole & Pickering, 2000; Rueda, Rothbart, McCandliss,
Saccomanno, & Posner, 2005), executive functions and attention management are important for successfully regulating one's behavior. However,
behavioral regulation tends to focus on children's overt behavioral
control, which include gross motor responses and inhibitory control
(Howse, Calkins, Anastopoulos, Keane, & Shelton, 2003). In the present study, we underscore CSR as related—but more speciﬁc than—behavioral regulation because simple overt behavioral compliance
does not imply the cognitive engagement and strategic thinking necessary for optimal school success, particularly as children progress
into later elementary grades. Hence this study focuses on cognitive
control speciﬁcally, as opposed to broader behavioral control.
The role of early mother–child interactions in developmental outcomes
This study also intends to clarify whether early parent–child interactions predict gendered trends in cognitive and scholastic outcomes.
There is abundant evidence that early child interactions with adult
caregivers—particularly mothers—prior to school entry are associated
with the development of CSR, socio-emotional competence, academic
achievement, and general school readiness (Bernier, Carlson, & Whipple,
2010; Morrison, Rimm-Kaufman, & Pianta, 2003; NICHD ECCRN, 2008,
2005; Sheridan, Knoche, Edwards, Bovaird, & Kupzyk, 2010). Sociocultural theory (Vygotsky, 1978) and a meta-analysis (Karreman, van
Tuijl, van Aken, & Deković, 2006) point to the importance of socialization
on children's social and cognitive development. Sociocultural theory
suggests that children develop both socially and cognitively through
social interactions with more advanced others (e.g., signiﬁcant adults,
or more capable peers). Further, children begin to actively internalize
concepts and skills (including gender schemes) that are important to
navigating their environment, gradually showing independent understanding and performance (Vygotsky, 1978). Thus, parents play a vital
role in socializing their children through reciprocal social interactions.
In a study with mothers and their infants, maternal sensitivity,
autonomy support, and scaffolding were positively related to the development of executive functioning in children (Bernier et al., 2010). Moreover, Morrison et al. (2003) found that the beneﬁts of early maternal
sensitivity, support and scaffolding for social and academic success
persisted for 8 years, after controlling for maternal education and
child IQ. Another study found that family environment quality—including
early maternal sensitivity and stimulation—was positively related to
attention regulation and memory (NICHD ECCRN, 2005). Although the
relation between parent–child interactions and child cognitive, socioemotional and achievement outcomes is clear, what remains relatively
unclear is whether CSR is a mechanism through which maternal–child interactions and school outcomes are linked. We found only two studies
that have implicated attention management and executive functioning
as mediators between family characteristics (e.g., home quality, maternal
sensitivity maternal stimulation) and children's academic and social outcomes (NICHD ECCRN, 2003; Raver et al., 2011).
There is also limited evidence on whether differences in how
mothers interact with boys versus girls are associated with gender differences in the development of CSR and scholastic outcomes. Research
suggests that parents may socialize boys and girls differently, providing
more positive and facilitative socialization for girls (Fivush, 1992;
Leaper, Anderson, & Sanders, 1998) that could be related to girls'
advanced self-regulation. A meta-analysis of parent talk reveals that
mothers talked more and used more supportive speech with their
daughters than their sons (Leaper et al., 1998). Language skills, developed through parent–child talk, are positively associated with growth
in self-regulation in toddlers, although this process seems to crystallize
more quickly for girls compared to boys (Leaper et al., 1998; Vallotton &
Ayoub, 2011). Contrary to this, some attribute gender differences in
children's behavior to biological underpinnings rather than parent socialization (Lytton & Romney, 1991). Accordingly, this study evaluates
the role mother–child interactions play in the development of CSR as
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well as gender differences across scholastic outcomes. We examine
mother–child interactions at 54 months of age for the child, as this is
the approximate transition from preschool to kindergarten and is an important developmental marker for evaluating accumulative mother–
child interactions as well as predicting future school success.
Present study
In the current study we investigate how children's CSR relates to
gender differences in school functioning and standardized academic
achievement. Additionally, we examine a potential precursor—early
mother–child interactions—to the development of CSR and its implications for scholastic outcomes. Speciﬁcally, our ﬁrst question examines
whether mother–child interactions at 54 months are associated with
CSR in 3rd grade and later school functioning in 5th grade. We expect
strong positive links here, as supported by the literature above
(Hypothesis 1). Second and less well known is whether CSR mediates
the relation between early mother–child interactions and later school
functioning. We hypothesize that CSR (i.e., attention management and
executive functioning) will mediate the relation between mother–
child interactions and school functioning, in that the relation between
mother–child interactions and school functioning will decrease in
strength when the indirect path of CSR is included in the model as a
mediator (Hypothesis 2).
Our second level of questions pertains to whether mother–child interactions and CSR predict gender discrepancies in school functioning.
Speciﬁcally, we ask: Is CSR a mechanism that predicts gender differences in school functioning by the end of elementary school (i.e., 5th
grade)? Similarly, are there differences in how mothers interact with
their sons versus their daughters prior to kindergarten and do these
predict gender differences in CSR in 3rd grade? We hypothesize that differences in the way mothers interact with their sons compared to their
daughters (i.e., more sensitivity, stimulation, and engagement for girls)
will predict gender differences in CSR, favoring girls. In turn girls'
advanced attention and executive functioning abilities will predict higher
classroom grades, more persistent work habits, and greater socioemotional development compared to boys by 5th grade (Hypothesis 3).
Last, we explore the aforementioned hypotheses not only for ecological assessments of school functioning, but for standardized measures of academic achievement as well, speciﬁcally the widely
utilized Woodcock–Johnson measures. We retain our hypothesis of
a strong direct effect of mother–child interactions on standardized
academic achievement and that CSR will mediate this relation, reducing
the strength of the direct effect. However, we do not expect to see gender
differences across standardized measures of achievement (Hypothesis 4;
Duckworth & Seligman, 2006; Matthews et al., 2009). Altogether,
addressing these questions will explicate how early mother–child interactions relate to scholastic outcomes, CSR as an important mechanism in
this association, and the origins of gender differences for early performance and development.
Method
This study used data from the National Institute of Child Health and
Human Development (NICHD) Study of Early Child Care and Youth
Development (SECCYD), which began in 1991 with 1364 families in
the United States.
Participants
Families were recruited for the NICHD SECCYD in the hospital just
after their child was born across 10 U.S. cities; 4491 children's families
gave their consent and 1364 were randomly selected to participate in
the study. Initial interviews took place in the family homes for all participants approximately one month subsequent to the birth of their child.
In addition to the initial interviews, assessments included child

measures (e.g., direct tests of cognitive abilities; self-report, parent
and teacher-report, coded observations), parent measures (e.g., selfreport, interviews, coded observations), and child caregiver/teacher
measures (e.g., self-report, interviews, coded observations) occurring
at the following times: 1, 6, 15, 24, 36, and 54 months and grades: kindergarten, 1, 2, 3, 4, 5, 6; and, ﬁnally, at age 15.
The NICHD SECCYD families did not constitute a nationally representative sample, but varied in income and educational attainment level,
ethnicity, and family make-up. Racially, a little over 76% of the participating children were identiﬁed by their parents as White and NonHispanic, 13% identiﬁed as Black and Non-Hispanic, 6% as Hispanic,
and almost 5% were identiﬁed as Asian, Native American, or other
ethnicities (mostly bi-racial). Mother's mean education level was
14.2 years. Speciﬁcally, 10% of the mothers completed less than 12th
grade, 21% graduated from high school, 33% had some college, 21%
had a bachelor's degree, and 15% completed a graduate or professional
degree. The average household income of the families participating in
the study was $37,947 (median = $30,000); 18.8% of the families
received public assistance and 21% were living in poverty based on the
federal poverty threshold. In addition, 15% of the families were singleparent households.
Measures
We investigated child and parent characteristics beginning at
54 months of age and continuing until 5th grade. At 54 months,
we used an observational measure of mother–child interactions
(i.e., maternal sensitivity, maternal stimulation of child cognitive
development and child positive engagement with mother). At 3rd
grade, we used direct and observational child measures of CSR (attention
and executive functioning). Finally, at 5th grade we analyzed teacher reports of children's school functioning, which included grades, school
work habits and socio-emotional skills. Standardized reading and math
achievement was also assessed at 5th grade. In all models, we controlled
for infant temperamental reactivity, child intelligence, family income-toneeds ratio, and maternal education.
Infant temperamental reactivity was controlled for to attain a more
precise estimate of children's CSR and gender differences, removing
the variance related to behavioral “styles” or aspects of temperament
such as mood and adaptability, or the way individuals generally
react to stimuli in the world (Thomas & Chess, 1977). Temperament/
temperamental reactivity has been shown to contribute to CSR
(e.g., Blair, 2002); however we wanted to control—as much as
possible—the aspects of CSR related to temperament/style of behavior
and target instead regulation of attention and strategic thinking related
to achieving a cognitive goal. In addition, temperament has been found
to have large gender differences across ages (Else-Quest et al., 2006),
which warrants our need to control for it in the present analyses. Infant
temperamental reactivity was measured by asking mothers to assess
their six month old babies' “general pattern of reactions to the world
or style of behaving” using a 55-item scale that included ﬁve subscales
from the Revised Infant Temperament Questionnaire (Carey &
McDevitt, 1978). Items included both negative and positive aspects of
temperamental reactivity and targeted the baby's level of: 1) activity
(e.g., “My baby lies still and moves little while playing with toys.”,
“My baby moves about much—kicks, grabs, squirms—during diapering
and dressing.”); 2) approach/withdrawal (e.g., “My baby's ﬁrst reaction
to any new procedure—ﬁrst haircut, new medicine, etc.—is objection.”,
“My baby accepts regular procedures—hair brushing, face washing,
etc.—at any time without protest.”); 3) adaptability (e.g., “My baby
adjusts within 10 min to new surroundings—home, store, play area.”,
“My baby resists changes in feeding schedule—1 h or more—even after
two tries.”); 4) mood (e.g., “My baby cries when left to play alone.”;
“My baby is content—smiles, coos—during interruptions of milk or
solid feeding.”); and 5) intensity (e.g., “My baby greets a new toy with
a loud voice and much expression of feeling whether positive or
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negative.”; “My baby reacts mildly—just blinks or startles brieﬂy—to
bright light such as ﬂash bulb or letting sunlight in by pulling up
shade.”). Intercorrelations between the overall temperamental reactivity
composite and its ﬁve subscales of temperamental reactivity were all
moderate-to-large and signiﬁcant (.52–.72). Intercorrelations between
the ﬁve subscales of temperamental reactivity ranged from low
(.04–.17) to moderate-to-large (.46–.67), and the internal consistency
of the infant temperamental reactivity composite was high (α = .81).
Child intelligence was measured using the Woodcock–Johnson
Picture Vocabulary 54-month assessment, an early proxy for crystallized intelligence. We used this variable as a control in order to more
precisely examine the relation between CSR and scholastic outcomes.
This measure was internally consistent (α = .70 to .82) and had
concurrent validity with the Stanford–Binet test of intelligence and
the Peabody Picture Vocabulary Test of verbal intelligence (r = .69).
Family income-to-needs ratio is a standard measure of a family's economic well-being. This income-to-needs ratio was calculated at
54 months by dividing total family income by the poverty threshold
for the size of that family (the federal poverty line for a family of four
in 1991 was $13,924). Last, mothers' highest level of education was
obtained as part of an in-home interview one month after the birth of
their child.
Mother–child interactions
In order to measure the quality of mother–child interactions, standardized semi-structured 15–20 minute observations of three activities
were conducted. The activities were considered challenging tasks designed to require abilities beyond the children's independent capabilities and thus necessitating maternal assistance and instruction. These
activities allowed the observers to rate how mothers supported their
child's behavior and learning during a challenging task as well as observe how the child interacted socially with her or his mother during
these tasks. These activities also allowed for opportunities to observe
the quality of social and affective interactions between mothers and
children. The three activities were 1) completing a complex maze
using an Etch-A-Sketch, 2) forming a series of same-sized rectangular
“towers” from variously shaped smaller wooden blocks, and 3) playing
with a set of six hand puppets, comprised of 2 parrots, 2 frogs, and 2 blue
alligators (Egeland & Heister, 1993; Pianta, 1994). There is no speciﬁc
goal or end-state to be completed with the third puppet activity.
The tasks were video recorded and trained coders later rated the
quality of the mother–child behaviors during the dyadic interactions
using a 12-item scale (six items focused on the mother's behavior,
four items focused on the child's behavior, and two on dyadic items),
with each item assessed using a 7-point Likert scale (1 = very low;
7 = very high). Eight of these items were selected by NICHD to create
two maternal composites and one child composite intended to address
three speciﬁc aspects of mother–child interactions. These were (a) maternal sensitivity to their children's needs: supportive presence, respect
for autonomy, low hostility , (b) maternal stimulation of child: mother
cognitively stimulates child; quality of assistance provided by mother,
and (c) child positive engagement with mother: child experience of session; low negativity toward mother; felt security. Inter-rater reliabilities
were moderate to large (r = .64–.85) and internal consistency was
high (α = .82–.88). The remaining four items (mother conﬁdence,
child agency, child persistence, and goal-directed partnership) were
not utilized across the composites as they were not conceptually aligned
under the three focal areas of interactions between dyad members:
mother sensitivity toward child, mother stimulation of child cognition,
and child positive engagement of mother.
Cognitive self-regulation (CSR)
We assessed children's attention management in the classroom and
executive functions: planning and problem-solving to comprise CSR in
3rd grade.
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Attention. To examine children's attention, we used an observational
rating of the child's sustained attention in her or his 3rd grade classroom
from the Classroom Observation System (COS), which was created specifically for the NICHD SECCYD study. The COS is a multi-level observational system that contains codes for discrete behaviors or conditions that
are tracked on a 30-seconds-on, 30-seconds-off time-sampling
observational schedule. This observational system was designed to
capture children's sustained, focused, or directed attention to ongoing
classroom activities, which includes teacher-directed instruction,
group work, or individual seat work. Children's sustained attention to
classroom activities was rated on a 7-point scale where 1 indicated
that a high level of attention was uncharacteristic of the student and 7 indicated that a high level of attention was characteristic of the student during the 8-cycle observation period over three different days. Each cycle
consisted of ten iterations (i.e., 30 s observe/30 s record) followed by a
continuous observation period of 10 min. Children who were rated as
high on attention were not only intently focused on classroom tasks,
but also managed to dismiss intrusions to their attention and avoid distractions. Conversely, children who were rated low on attention had
trouble engrossing themselves in classroom activities, became easily
distracted by other things or created their own distractions. The interrater reliability for the COS child attention variable was .71.
Executive functions: planning/problem-solving. We examined planning
and problem-solving skills during 3rd grade through the Tower of
Hanoi (TOH) activity test in the laboratory, where children's ability to
plan a systematic sequence of moves was evaluated. The child was
asked to develop a sequence that would work to transform an initial
conﬁguration of three rings of different diameters and colors (i.e., a
tower of rings on the ﬁrst peg) into the goal state (i.e., a tower of rings
on the third/last peg), while ordering the rings by size and attending
to a series of rules such as “only one ring can be moved at a time”.
Children were scored by the number of trials needed to successfully
complete a given problem with a maximum of 6 trials: a maximum
score of 6 was given if the problem was successfully completed on the
ﬁrst two trials, a score of 5 was given if it was successfully completed
on the second and third trials, and so on. Seven levels of task difﬁculty
were developed for this task. One mean score across levels 5, 6 & 7
was calculated because these levels were considered most developmentally appropriate for 3rd–5th grade students, and task levels 1 through 4
showed less variability among 3rd grade students and more ceiling
effects. The TOH is not tied to a particular knowledge base or subject
area and therefore is more of a “pure” measure of planning and
problem-solving and is less likely to have cultural or SES-based biases.
The TOH has been extensively researched among children with and without cognitive disabilities and has high internal consistency (α = .77).
School functioning
We conceptualized school functioning as the academic (i.e., grades),
social (i.e., social skillfulness) and behavioral (i.e., work persistence) factors recruited for and contributing to children's school success (Coie &
Dodge, 1988; Pierce, Hamm & Vandell, 1999). Children's school functioning was created with three teacher-reported variables measured
in 5th grade through a mock report card. The mock report card involved
teacher ratings on three subscales: current school performance
(i.e., grades), classroom social skills with peers (i.e., socio-emotional
development), and school work habits (i.e., persistence, productivity).
We created this construct as a comprehensive portrait of students' functioning in school. The integration of these indicators, all of which are important contributors to scholastic performance, provides a well-rounded
understanding of a student's functional capabilities in school.
School grades. Teachers rated children's academic grades across six subjects: Reading, Oral Language, Written Language, Math, Social Studies,
and Science. Teachers rated the children's performance on a 5-point
scale (1 = below grade level; 5 = excellent) and a mean of the six
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subjects was generated for the ﬁnal score on this measure. The grades
composite was strongly associated with standardized achievement
scores (r = .64, p b .001), yet distinct still and with a high level of internal consistency (α = .92–.94).
Work habits. Teachers rated their students' classroom work habits with
six items (5-point scale; 1 = very poor; 5 = very good). They focused
on students' level of productivity and work completion (e.g., works
well independently). A ﬁnal score was obtained by taking the mean of
these six items. Scores were associated with mother reports of
children's work habits (r = .63, p b .001), and children's self-reports
of academic competence on the Student Self-Concept Scale (Gresham,
Elliott, & Evans-Fernandez, 1993) (r = .22, p b .05). The scale also had
high internal consistency (α = .93–.96).
Social-emotional development. Lastly, teachers rated students' classroombased social and emotional skills with seven items (5-point scale;
1 = very poor; 5 = very good) based on the Teacher Checklist of
Peer Relations (Coie & Dodge, 1988). The items obtained teacher
judgments of children's social skillfulness with their peers (e.g., accurately
interprets what a peer is trying to do, generates good quality solutions to
interpersonal problems) and the ﬁnal mean score was derived through
the mean of these items. The scale was positively associated with
children's self-reports of friendly conﬂict resolution strategies (r = .20,
p = .04) and negatively associated with relational aggression strategies
(r = −.25, p = .009). The scale was also consistent with objective observations of peer interactions in the classroom: Children who were
rated by researchers as having more frequent negative interactions with
peers were also reported by their teachers as having poorer social skills
(r = −.23 to −.40, p b .01). Similar to the other mock report card subscales, this scale had a high level of internal consistency (α = .94–.96).
Academic achievement
In order to measure standardized academic achievement at 5th
grade, we included in our model reading and mathematics measures
from the WJ-R ACH section of the WJ-R Psycho-educational Battery
(Woodcock & Johnson, 1989).
Woodcock–Johnson broad reading. The WJ-R Broad Reading Cluster was a
general measure of children's reading achievement composed of the
Letter–Word (LW) Identiﬁcation and the Passage Comprehension
tests. The LW tested children's identiﬁcation skills through identiﬁcation of increasingly difﬁcult isolated letters and words. The WJ-R
Passage Comprehension test measured children's ability to read short
passages and identify a key missing word. The WJ-R Broad Reading
test had a high level of internal consistency (α = .94–.98).
Woodcock–Johnson broad mathematics. The WJ-R Broad Mathematics
test was a general measure of children's mathematical abilities and
consisted of Applied Problems (AP) and Calculation. The AP test
measured children's ability to analyze and solve practical problems in
mathematics with increasing difﬁculty. The Calculation test measured
children's ability to perform mathematical calculations including addition, subtraction, multiplication, and division through more complex
calculations including geometric, trigonometric, logarithmic and calculus operations. This test also had a high level of internal consistency
(α = .94–.98).
Analytic plan
Structural equation modeling (SEM) was the primary technique for
precisely and efﬁciently addressing the research aims. Initially, we conducted descriptive analyses to determine whether and where gender
differences were present in our study variables and to examine the ﬁt
of our measurement model. To create our structural model, we combined several observed variables to form our latent theoretical

constructs (i.e., our independent, dependent and mediating constructs).
We used SEM to evaluate how well our hypothesized models ﬁt the observed data. Following Baron and Kenny (1986), we examine mediation
through assessing whether: (a) the IV and DV are signiﬁcantly related;
(b) the IV and mediator are signiﬁcantly related; (c) the mediator and
DV are signiﬁcantly related; and (d) the relation between the IV and
DV becomes weaker (partial mediation) or non-signiﬁcant (full
mediation) when the mediator is added to the model.
For all analyses using latent constructs: conﬁrmatory factor analysis
and structural path analysis were conducted via AMOS 19 software
(Arbuckle, 2006). We used the Comparative Fit Index (CFI), Tucker–
Lewis Index (TLI) and Root Mean Square Error of Approximation
(RMSEA;Boomsma, 2000) wherein a CFI/TLI above .95, and an RMSEA
less than or equal to .06 provide indication of a very well-ﬁtting model
(Hu & Bentler, 1999).
Due to attrition, there was missing data on variables measured later
in the longitudinal set (i.e., 3rd and 5th grade). Missing data was more
likely for participants from families with high debt-to-income ratios
and mothers with less education. This violates the missing completely
at random assumption (MCAR); however, we retain the missing at random (MAR) assumption (Schafer & Graham, 2002) and thus utilized full
information maximum likelihood (FIML) to generate values and error
approximations for missing data in the SEM analyses.
In order to examine whether mother–child interactions and CSR
predict gender differences in school functioning by 5th grade, we used
the following steps. First, we tested whether there were gender differences in mother–child interactions, CSR and school functioning. Pending gender differences did exist, we allowed gender to predict school
functioning and then introduced CSR into the model as a mediator of
the relation between gender and school functioning. We anticipated
that gender would signiﬁcantly predict school functioning but then decrease in strength when CSR was introduced into the model. If substantiated, we interpret this to mean that gender differences observed in
school functioning at 5th grade are explained in part by CSR in 3rd
grade. Similar models were also run for mother–child interactions and
standardized academic achievement, assuming gender differences
exist in those variables.
Results
Descriptive results
Overall, correlations among the study variables (see Supplementary
Table 1) showed that the variables within the overarching constructs
(i.e., mother–child interactions, CSR, school functioning, and standardized achievement) ﬁt well together, corroborating the use of latent
constructs for structural equation modeling in subsequent analyses.
Under mother–child interactions at 54 months, maternal sensitivity,
stimulation and child engagement showed strong correlations. The
CSR variables, attention and executive functioning showed a weaker
correlation although still signiﬁcant statistically. This may reﬂect that
these measures were embedded in two different measurement contexts
(laboratory versus in-class observations) as well as administered and
coded by different raters across these contexts. Despite this, these variables form a conceptually supported construct that reﬂects children's
ability to regulate their cognition (Blair, 2002; Morrison et al., 2009).
The school functioning measures of grades, work habits and socioemotional development showed strong correlations. Finally, the standardized achievement constructs of WJ-Math and WJ-Reading were
also highly correlated (see Supplementary Table 1).
Descriptive results revealed no gender differences in the quality of
mother interactions with their children at 54 months; mothers provided girls and boys with equal levels of sensitivity and stimulation
(see Supplementary Table 2). Similarly, girls and boys showed equivalent levels of positive engagement and reciprocation with their
mothers. Regarding CSR in 3rd grade, girls showed signiﬁcantly higher
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levels of attention, but were only marginally higher in executive functions. Finally, in the 5th grade, there were robust gender differences in
grades, work habits and socio-emotional development favoring girls.
However, there were no gender differences on the WJ-R standardized
achievement tests in reading and math at 5th grade (see Supplementary
Table 2).

Main effects
School functioning model
To address our ﬁrst set of questions, we examined whether the quality of mother–child interactions was associated with CSR and school
functioning and whether CSR mediated the relation between mother–
child interactions and school functioning. To establish the uncontrolled
direct relation between the independent and dependent latent constructs, the pathway from mother–child interactions to 5th grade school
functioning was modeled and as expected showed a strong positive prediction (β = .43, p b .001). Mother–child interactions and CSR also
showed a strong positive relation (β = .47, p b .001). This provides
evidence for Hypothesis 1. In the ﬁnal model (see Supplementary
Table 3; Fig. 1), the pathway from 3rd grade CSR to 5th grade school
functioning was added and was a strong predictor of school functioning
(β = .61, p b .001), controlling for child intelligence speciﬁcally, as well
as mother education, infant temperamental reactivity and income-toneeds ratio broadly. Further, when the indirect pathway was included
in the model (mother-child interactions → CSR → school functioning),
the direct pathway from mother–child interactions to school functioning was no longer signiﬁcant and thus was eliminated from the model
to increase parsimony. This supports Hypothesis 2 and suggests full mediation. This ﬁnal model also showed the best ﬁt compared to previous
models (see ﬁt statistics in Supplementary Table 3; Fig. 1).
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Our second level of questions focused on whether gender differences
in how mothers interact with their children help explain gender differences in CSR and later school functioning. As stated above, the data indicated no differences in how mothers interacted with their sons versus
their daughters; therefore, no further analyses were run with this latent
construct. However, there were gender differences in 3rd grade CSR as
well as in 5th grade school functioning, both favoring girls. To test
whether gender differences in 5th grade could be predicted by CSR in
3rd grade, a model was constructed where gender was ﬁrst allowed to
predict 5th grade school functioning (β = .30, p b .001). Next, 3rd
grade CSR was introduced into the model and was signiﬁcantly related
to both gender (β = .28, p b .001) and 5th grade school functioning
(β = .68, p b .001). However, when CSR was introduced to the model
as a mediator, the direct path between gender and 5th grade school
functioning decreased, although remained marginally-signiﬁcant
(β = .11, p = .081; (χ2 = 46.4, df = 7, RMSEA = .06 [90% CI: .05,
.08], CFI = .97, TLI = .92), indicating that gender differences observed
in school functioning can be predicted by CSR, with a signiﬁcant indirect
effect (β = .18 [.07] 90% CI [.09–.32]). This suggests that CSR partially
mediates the relation between gender and school functioning. Altogether,
this provides partial support for Hypothesis 3. There were no gender
differences in mother–child interactions to predict gender differences in
CSR; however, gender differences in CSR do partially explain gender
differences in school functioning. In an additional post-hoc analysis, attention and executive functions were modeled as individual manifest components of CSR (not latent) to ascertain the individual contribution of
each construct. Individually, attention had a stronger indirect effect between gender and school functioning (β = .05 [.01] 90% CI [.03–.08])
compared to executive functions (β = .02 [.01] 90% CI [.00–.04]).
On an exploratory basis, multi-group analyses by gender were run
on the structural pathways to and from 3rd grade CSR, to examine
whether they differed by gender. Multi-group analyses suggested that

Fig. 1. Full school functioning model with standardized coefﬁcients.
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the pathways signiﬁcantly differed by gender from mother–child interactions to CSR in the 3rd grade. Differences in standardized coefﬁcients
indicated that mother–child interactions were more predictive for girls'
CSR (β = .40, p b .001) than for boys (β = .21, p b .05). When this
pathway was constrained to equality by gender, the change in chisquare showed a marginally poorer ﬁt (Δχ2 = 3.71, p = .054). In contrast, CSR was more predictive of school functioning for boys (β = .68,
p b .001) than girls (β = .34, p b .01). When the path from CSR to
school functioning was constrained to equality, the ﬁt worsened significantly (Δχ2 = 4.68, p = .03; Supplementary Table 4).
Standardized academic achievement model
The standardized academic achievement model, using the WJ-R
measures, reﬂected similar predictions as the school functioning
model (see Supplementary Table 3); however, the relation between
CSR and standardized achievement was weaker compared to the school
functioning model. To test mediation, preliminary and ﬁnal models
were run in the same sequence as the school functioning model
discussed above and changes in the strength and signiﬁcance of the
direct pathway was examined. The ﬁnal model demonstrated that CSR
at 3rd grade was a partial mediator of the relation between mother–
child interactions and standardized achievement, as the direct effect
between mother–child interactions and standardized achievement
remained signiﬁcant with the presence of the indirect path (β = .10,
p b .05), although it was decreased from the initial direct effect without
CSR as a mediator (β = .30, p b .001). Since there were no gender differences in the measurement models (i.e., latent mother–child interactions and academic achievement), with the exception of CSR, additional
gender analyses were not conducted. Altogether, this provides evidence
to support Hypothesis 4.
Finally, multi-group analyses by gender were explored to assess gender differences at the structural level. Similar to the multi-group analysis in the school functioning model, girls (β = .49, p b .001) had a
larger coefﬁcient between mother–child interactions and CSR, compared to boys (β = .32, p b .001). When this pathway from mother–
child interactions to CSR was constrained to equality, the chi-square
worsened marginally (Δχ2 = 3.1, p = .07). However, unlike the
multi-group analysis in the school functioning model, constraining to
equality the pathway from CSR to academic achievement did not produce a signiﬁcantly worse ﬁt (Δχ2 = 1.9, p = .23), which suggests
that this path did not differ by gender.
Discussion
The present study supports the ﬁndings of a substantive body of
developmental research (e.g., Claessens et al., 2009; Duncan et al.,
2007; Li-Grining et al., 2010) indicating that children's CSR is important
to and predictive of a broad range of scholastic outcomes. Children's
CSR, as measured by direct tests of ability and observational ratings,
positively and strongly predict school functioning, beyond child IQ and
a range of other powerful control variables. Since standardized path
coefﬁcients can be considered effect sizes for structural equation modeling, the strength of the prediction for CSR (β = .61) on school functioning can be viewed as a large effect (Durlak, 2009), which is difﬁcult to
achieve in developmental research. The full model also accounts for
nearly 60% of the variance in 5th grade school functioning. Fifth grade
success can be particularly important in a child's developmental and academic trajectory. For most children in the United States, 5th grade is
the last grade prior to the transition to middle school, which is often a
challenging time of personal and social changes along with increasing
academic rigor. Cognitive self-regulation and related school functioning
skills can be especially important in successfully negotiating this transition to middle school both socially and academically (e.g., Rudolph,
Lambert, Clark, & Kurlakowsky, 2001).
Our results also provide a partial explanation for gender discrepancies in school functioning. Our speculation that girls' advanced CSR is

predictive of greater school functioning toward the latter elementary
years was supported in part; gender differences in CSR, primarily attention, signiﬁcantly explained the relation between gender and school
functioning. Previous work (Matthews et al., 2009) relied solely on standardized measures of academic achievement assessed contiguously at
an early grade level (i.e., measured in kindergarten, the same time
point as self-regulation). By evaluating a school functioning model in
conjunction with a standardized achievement model, we address the
speculations of this previous study and demonstrate that gender differences in school functioning, but not academic achievement, appear by
late elementary school and are partially explained by CSR. This corroborates and extends the previous work.
CSR was also a strong predictor of standardized academic achievement; however, there were no gender differences across the 5th grade
Woodcock–Johnson measures. This suggests that other variables may
explain why girls' advanced CSR in 3rd grade does not translate into
higher standardized achievement compared to boys. An important factor may include test anxiety (e.g., Virtanen & Nevgi, 2010). For example,
girls may have higher levels of anxiety surrounding test taking than
boys, which could render their performance equal to that of boys despite higher levels of CSR. However, it is also likely that the integration
of socio-emotional aspects of school functioning may be more proximally related to CSR and favor girls but are less relevant for standardized
achievement tests. Considering the predominant effect of attention
management over executive functioning in CSR as well as more robust
gender differences in the former may clarify the lack of gender differences in standardized achievement though evident in school functioning, where the daily demand for attention management likely plays a
more cumulative and weighty role compared to a one-time standardized achievement test. Future work will need to elucidate these issues.
Regarding child socialization, this study provides evidence that the
types of early experiences children have with inﬂuential adults are
largely associated with cognitive and social development as would
be predicted by developmental theory, speciﬁcally sociocultural theory
(Vygotsky 1976, 1986). We have shown evidence for the mediating role
of CSR, which may indicate that CSR is critical to the internalization process espoused by this theory. In other words, our ﬁndings elucidate
Vygotsky's concept of internalization to include CSR as a functional
mechanism in this process; internalization in fact may be tantamount
to regulating one's cognition in order to interpret experiences and appropriate information. Though Vygotsky did not empirically specify
cognitive mediating factors, he did consistently refer to the facilitative
nature of self-regulation for higher mental functioning: “Intellectualization of a function and voluntary control of it are just two moments of
one and the same process of the formation of higher mental functions.”
(Vygotsky, 1986, p. 167).
Though we did not ﬁnd gender differences in how mothers
interacted with their 54-month old children on challenging tasks, sociocultural theory would suggest that gender schemes are socially constructed and internalized by children through social and cultural
interactions. Thus, if children are socialized by signiﬁcant adults in
their environment (such as teachers and parents) to internalize gender
schemes, the development of their CSR may be inﬂuenced by these conceptions in a gendered way. Unfortunately, our ﬁndings do not provide
support this; however, if the mother–child tasks were more gender
stereotyped such as a math or reading task, or the interactions included
fathers, we may have seen gendered interactions. This is an important
area for future investigations. A microgenetic longitudinal examination
of parent–child (including both mothers and fathers) interactions
across domains and tasks (both gender neutral and gender stereotyped)
may provide clarity on how interactions with meaningful adults inﬂuence CSR development over time in boys and girls.
Multi-group analyses suggest that, though mothers are not partisan in
interacting with their daughters versus their sons, these interactions may
be more meaningful for girls' than boys' cognitive development. In other
words, girls may simply take more away from interactive exchanges with
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their mothers than boys regarding their cognitive development
(Vallotton & Ayoub, 2011). Boys may need additional or differential support from mothers or other sources such as fathers, teachers, or peers.
Some work using the present data have begun to explore this (NICHD
ECCRN, 2008), although more corroborating research is needed.
Furthermore, a gendered pathway from CSR to 5th grade school
functioning demonstrates that strong CSR may give boys a unique advantage regarding school functioning. Considering the gender ﬁndings
cohesively, differences in school functioning are associated in part
with differences in CSR favoring girls, although these differences are
likely not perpetuated by differential mother interactions with their
children. Girls seem to utilize these early interactions more toward the
development of their cognitive capabilities; however, for boys who
develop equitable levels of CSR, possibly due to additional or differential
scaffolding from others, these skills are uniquely advantageous for boys'
school functioning compared to girls. An explanation for this may be
that boys with strong CSR defy teachers' expectations of them as
distracted, inattentive and unregulated and thus manage to win
increased support and positive engagement from their teachers,
giving them an advantage compared to girls for whom strong CSR
is expected. This also conveys that the school context, or at least
teacher evaluations of students, may be less forgiving of boys who
have underdeveloped CSR. The absence of a stronger relation between CSR and standardized achievement for boys compared to
girls further supports this speculation that teachers may view the
importance of CSR differently for boys compared to girls. However,
replication of this work is needed and research on teachers' implicit
expectations and interactions with boys at the elementary level
would be complementary to this study.
While this research could not establish causality, we propose that if
we want to improve children's school functioning, we should target
their CSR. Though there are limited interventions targeting CSR in
young children, a few exist with promising results (e.g., Bodrova &
Leong's, 1996 Tools of the Mind; Barnett et al., 2008; Diamond,
Barnett, Thomas, & Munro, 2007; Raver et al., 2011). CSR interventions
may be beneﬁcial for all children; however, particularly for boys who
may face academic and social challenges with teachers in schools
(for a review, see Weaver-Hightower, 2003). Additionally, often
ignored is the importance of exercise and adequate sleep for improving
cognitive functioning in children (Tomporowski, Davis, Miller, &
Naglieri, 2008). Reconsidering the time allocated to recess and giving
children adequate amounts of physical activity plays a pivotal role for attention management, particularly among young boys. This is important
for school administrators and policy-makers to consider, in light of recent
school initiatives to reduce time for physical activities in order to increase
instructional time in core content areas.
In summation, the quality of mother–child interactions at 54 months
is associated with children's CSR in 3rd grade as well as school functioning in 5th grade. Further, though mother–child interactions are similar
for boys and girls, girls develop higher levels of attention management,
which in part predicts their higher performance in later school functioning, although not standardized academic achievement. Differential early
socialization may be needed for boys, and some work suggests that
fathers may play an important role in developing the cognitive capabilities of boys (NICHD ECCRN, 2008). This is particularly important to investigate as CSR was more predictive of later school functioning for
boys than girls indicating that it is critical in narrowing gender gaps in
school functioning (e.g., Duckworth & Seligman, 2006). Altogether,
two potential interpretations may exist for understanding the school
success of boys during elementary school. First, we can interpret that
boys may require more effortful attention in order to succeed academically and socially, or second, that they may be more likely to
be perceived by their teachers as less attentive or ready to learn
and this may have implications for how they are evaluated within
the school context. These are important areas for continued future
explorations.
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Lastly, it is essential that researchers are cognizant of how academic
achievement and school functioning are conceptualized and measured.
Standardized measures of achievement are often used by researchers
for efﬁciency purposes, but may not be fully comprehensive or sensitive
enough to assess how CSR relates to learning and development. Including only standardized measures of achievement in our study would
have obscured, at least in part, the role that CSR plays for scholastic
success by gender. The inclusion of both standardized and subjective
measures of scholastic performance highlights the importance of CSR
in nuanced aspects of child development.

Limitations, implications, and conclusions
In evaluating the merit of this work, a few limitations must be addressed. Although the NICHD SECCYD sample was diverse economically,
educationally and geographically, it was not designed to be nationally
representative; therefore, the national generalizability of the results
may be limited. Further, though this study is longitudinal, which is
more conducive to causal inferences than cross-sectional data, its design
was correlational not experimental (i.e., it was designed to examine naturally occurring child development without assignment to conditions).
Therefore, all analyses conducted examined associations rather than
causality. Future experimental research is needed to understand
whether enhancing children's CSR will produce substantial and consistent growth in school functioning and whether there is an interactive
effect by gender. We should also acknowledge that it is possible that
other unspeciﬁed variables may play a role in the obtained results and
other mediating variables should be considered to explain gender differences in school functioning. Some of these may include self-efﬁcacy,
achievement motivation, teacher emotional and instructional support,
and behavioral competencies.
Future investigations are also needed to investigate alternate models
to determine bidirectional effects between CSR and parent–child interactions. Because there is substantial growth in CSR in infants and
children prior to our ﬁrst assessment point (54 months), particularly
between ages 2 and 4 (Kochanska, Coy, & Murray, 2001), it is plausible
that children with higher CSR prior to the mother–child task may have
elicited more sensitivity and stimulation from their mothers during
their interactions. Further, the mother–child interaction effects may be
bidirectional similar to what has been found in other areas of child
development (e.g., Clark, Kochanska, & Ready, 2000).
Also noteworthy is that our school functioning construct at 5th
grade relied exclusively on teacher report and thus gender differences
reﬂected there may be due to teacher perceptions of differences, at
least in part. When comparing these reports to standardized assessments, it is difﬁcult to ascertain whether teacher bias or teacher ecological sensitivity is the critical determinant for recognizing developmental
gender differences. We endorse the latter, although we cannot
disregard the possibility of the former. This study would have been
strengthened if independent observational data were available to corroborate teachers' reports. However, the attention measure was objectively observational and also favored girls, which could indicate such
corroboration.
Next, considering the conceptual overlap between CSR and behavioral regulation mentioned in the literature review, the question may
linger whether CSR is truly driving our ﬁndings, or if the broader ability
to self-regulate beyond cognitive factors (i.e., behavioral regulation), is
at work in explaining gender differences across the outcomes. To
account for this, we analyzed a series of alternative models using proxies
of behavioral regulation as controls in those models. When we controlled
for these proxies such as delay of gratiﬁcation, externalizing problems,
and social problems from the Child Behavior Checklist (CBCL), we found
negligible changes in the structural relation between CSR and our outcomes. This implicates CSR as a unique predictor of scholastic performance, beyond the effects of behavioral compliance.
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Our results illustrate the complex nature of gender processes in cognitive development and scholastic outcomes. We hope to move the ﬁeld
along by elucidating gender processes in development beyond simple
mean-level differences. We present nuanced relations between gender
and developmental precursors and outcomes that demonstrate meanlevel ﬁndings, but also suggest interactional gender dynamics. It is important that future research continues to address and reﬂect this complexity by modeling gender as part of a complex social process, versus
as a control variable or simple moderator.
Appendix A. Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.appdev.2014.02.003.
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